The aesthetic quality of water resources is often assumed to be valuable to society, yet few robust estimates of this value have been reported in the limnological literature. Because entire lakes and rivers are not bought and sold regularly, their aesthetic value cannot be determined by differences in market prices. Therefore, economically valid estimates must be determined by methods that estimate willingness to pay (WTP) for aesthetic value. Methods for and example results of an environmental valuation study to estimate local residents' and visitors' WTP for improved aesthetic quality in Clear Lake (Iowa, USA), a eutrophic, natural lake are presented.
Introduction
The various recreational services provided by lakes and rivers-fishing, swimming, boating, hunting, picnicking, or nature appreciation in general-are all enhanced by the body of water's natural beauty, e.g., see Figure 1 . Economists can estimate the value of these recreational services as well as how that value changes as the aesthetic quality of a lake or river changes. The task is important given that most lakes and rivers are public goods, with government agencies having the ability to preserve or improve their aesthetic quality. When policymakers are provided with estimates of the aesthetic value of a lake or river, the value of the biodiversity it supports, and the value of the recreational opportunities it provides, these benefits can be compared against the cost of government policies aimed at maintaining or improving water quality. This careful weighing of benefits and costs should result in a more efficient provision of environmental amenities. However, the valuation task is complicated by the fact that public goods, and therefore the aesthetic quality of public goods, are nonmarket goods in that they are provided by the government and not by the interaction of buyers and sellers in a market. Occasionally entrance fees are charged at lakes or rivers; however, these fees are generally nominal and offer little information about the value of the lake or river to the visitor.
Economists estimate the value of all goods, including nonmarket goods such as the aesthetic value of water resources, using the concept of maximum willingness to pay (WTP), which is the maximum monetary value an individual would pay for a certain good. In other words, WTP represents the value of other goods and services an individual is willing to forgo in order to enjoy the good in question.
For example, consider a cost-benefit analysis of undertaking a water quality improvement project at a lake. The analyst quantifies tradeoffs individuals are willing to make in exchange for improved water quality (measured by WTP) and compares these to the actual costs of cleaning up the lake, such as public resources to fund clean-up efforts or private costs associated with altering land use.
This approach is in contrast to studies of local economic impact, which estimate the value of goods or services marketed near a lake or river. Such studies are of interest to local communities who benefit commercially from tourism, but are not appropriate measures of the resource's intrinsic value used in cost-benefit analysis. One reason is that sales that occur locally due to tourism, such as camping fees or restaurant sales, are likely just being transferred from somewhere else and are therefore not a net increase in society's overall wellbeing. Moreover, local sales receipts may not be correlated with a resource's intrinsic value. For example, when there are no businesses near a lake or river to capitalize on its presence that does not mean that it has no value. On the contrary, a resource's value is often enhanced by its remoteness or its pristine qualities.
For most goods, a market readily exists where equilibrium prices signal the marginal value of the resource, for example farm land. However, for public goods such as the aesthetic value of lakes and rivers, there is no market transaction to measure value. Economists must gather nonmarket data to value public goods. Techniques for estimating the value of nonmarket goods fall into two broad categories: revealed preference and stated preference. When using revealed preference techniques, economists observe individuals' actual choices for goods related to the aesthetic quality of lakes and rivers. The most common related good to observe is the number of trips taken to nearby water resources. As will be discussed below, the cost individuals are willing to incur traveling to a site can be used to infer the value they place on it, thus revealing their preferences for the various characteristics the site possesses. In other words, individuals demonstrate that they are willing to sacrifice more of their leisure time or time spent earning income as they are observed traveling greater distances for higher water-quality resources. In this way, economists infer the value placed on the aesthetic quality of public goods. Another related good used to reveal values of aesthetic quality is the value of homes near lakes and rivers. In this case economists observe the premium that households are willing to pay for a home near a water resource with high aesthetic quality. This premium is the inferred value of aesthetic quality.
Stated preference techniques involve asking individuals hypothetical questions that directly indicate the value they place on a resource or a change to the resource. The most commonly used stated preference technique is the contingent valuation method. Here, survey respondents may be asked whether they would be willing to pay higher property taxes in exchange for improved water quality, giving the researcher direct information on the monetary value respondents place on a change in the resource.
Returning to the willingness to pay (WTP) concept, economists divide all value for water resources into three categories: use value (WTP for the direct use of the resource), option value (WTP for the future ability to visit the resource), and nonuse or existence value (WTP for the environmental resource even though the resource has never and will never be visited). Revealed preference techniques such as the travel cost method only estimate use value, as economists can only infer values from individuals' use of the water resource. In contrast, stated preference techniques such as the contingent valuation method estimate the full WTP including option value and existence value, as individuals are directly providing their WTP for improved water quality conditions whether they currently use the resource or simply derive value from its existence.
In what follows we provide background information on both the travel cost and contingent valuation methods. We then use these techniques to estimate WTP for improved water quality in a spring-fed glacial lake in north-central Iowa. Assuming a body of water's aesthetic value is tied directly to water quality measures such as clarity, color, and the frequency of algae blooms, our results can be interpreted as estimates of aesthetic value.
Revealed preferences and the travel cost method
The travel cost method, also known as recreation demand modeling, requires collecting information on the water resources individuals choose to visit and the number of times they visit each site. Economists estimate the effort individuals expend in visiting a resource by calculating the total distance traveled and total time spent in transit. The distance and time are monetized by assuming a cost per mile and cost per hour, labeling these as travel costs, which are the price of visiting the recreational site. Holding all else constant, individuals will visit a recreational site more often when it is nearby and therefore has low travel costs. The recreation demand for a site is depicted in Figure 2 , with the recreation demand curve showing the inverse relationship between travel costs and individuals' chosen number of trips to the site. Armed with the total trips, travel costs, and other important site characteristics such as aesthetic quality, economists use regression analysis to explain the trip variation (i.e., the dependent variable) as a function of site characteristics (i.e., the independent variables like travel cost and aesthetic quality). Area acd0 represents the maximum visitor i would be willing to pay to take y i trips, while area bcd0 represents the travel cost she actually incurs. The difference between these two areas is her CS. In this case, area abc. CS can be thought of as the net benefit the visitor derives from having access to the resource.
To better understand how a change in CS can be used to estimate aesthetic value, consider panels a and b of Figure 3 . The recreation demand curve in panel b is drawn further out, reflecting that visitors choose to take more trips as aesthetic quality improves. Note that while travel cost is the same across both recreational sites, visitor i derives more CS from the site with superior aesthetic quality. <Figure 3 near here> The final step in calculating the value visitors derive from aesthetic improvements is to estimate the additional CS individuals gain from visiting an improved water resource. In Figure   4 , visitor i reveals her WTP for aesthetic quality by reporting that she would take more trips to the site if its aesthetic quality were improved ( ). Holding all else constant, including per-trip travel costs, the additional area under the higher recreation demand curve reflects visitor i's WTP for improved aesthetic quality. WTP for improved aesthetic quality is calculated as 2 vs. The travel cost method has been used to estimate the value of water resources for over 45 years, and since 1979 federal agencies in the USA have been required to estimate the value of recreation benefits for projects involving high visitation levels. For example, travel cost methods are used to estimate damage assessment payments by companies that lower the aesthetic quality of a water resource, such as after the 1989 Exxon Valdez oil spill in Alaska. However, the primary use of the travel cost method is to estimate recreational values (i.e., use values) utilized in cost-benefit analyses. The primary objective of cost-benefit analysis when applied to water resources is to provide policymakers with information about the level of public spending warranted in protecting or improving those resources. The travel cost application discussed in the next section was designed to provide this type of information, as it focuses on changes in lake visitation rates resulting from state-funded water quality improvements.
An application of the travel cost method
The travel cost method's usefulness can best be seen in the context of an example. Here we summarize the results of a study estimating the value visitors place on improving water quality at Clear Lake, a spring-fed glacial lake in north-central Iowa, USA (43°08'01"N, 93°21'57"W).
Clear Lake is a 1,470 hectare eutrophic lake with mean total phosphorus of 188 µg·L -1 . The lake is polymictic due to its shallow depths (mean depth=2.9 m) and generally does not develop stable stratification. Since 1935, the lake's mean depth has been reduced by approximately 0.3 meters as a result of high sediment and nutrient loading from its predominantly agricultural watershed.
Water quality and clarity of the turbid lake ( To estimate the value of improved water quality, Clear Lake visitors completed a survey asking how many trips they took to Clear Lake over the past season ( ) and how many trips they would have taken had the water quality been improved as described in the survey ( ). In this way, we can estimate the use value for both small and large water-quality improvements.
Maximum simulated likelihood is used to estimate the model and the model also corrects for the non-random selection of visitors surveyed.
Visitors' data are summarized in Table 1 . On average, visitors reported taking 3.0 trips per year to Clear Lake given current water quality conditions. The number of predicted visits increased to an average of 4.1 trips given the small water quality improvement and 6.6 trips given the large improvement. Results from the travel cost regression and the resulting WTP values are reported in 
where is the visitor's reported trip levels and is the coefficient on the travel costs, and the numbers 1 and 2 again denote the current and improved state of the lake. The average WTP values reported in Table 3 Economists have used the technique to value goods as varied as increased visibility, the existence of endangered species, and public libraries.
An application of the contingent valuation method
As part of the Clear Lake study described above, we were also interested in estimating local residents' WTP for improved water quality. Because the cities of Clear Lake and Ventura, Iowa are located adjacent to the lake, the negligible travel cost residents incur when visiting the lake would dramatically understate the value they place on water quality. This is an excellent example of a situation where stated preference techniques may provide more meaningful results than revealed preference techniques.
Prior to mailing, the CVM survey was presented to a focus group of local residents to test its clarity and realism. This survey was followed by a mailed pretest. In its final form, we mailed the survey to a random sample of 900 local households. Of the 900 surveys, 768 were successfully delivered. Of these, 513 were returned by respondents for a respectable 67% response rate, though only 479 of the returned surveys were complete. A summary of respondents' socioeconomic characteristics is presented in Table 4 .
<Table 4 near here>
Residents answered a referendum-format contingent valuation question designed to elicit their WTP for the small water-quality improvement scenario described in the previous section.
Specifically, residents answered questions such as the following:
Would you vote "yes" on a referendum that would adopt the proposed program, but cost you $900 (paid over five years at $180 per year)?
The proposed cost or policy price was varied across respondents, ranging from $135 to $1260.
Plotting responses allows us to come up with a rough estimate of the highest price at which the referendum would pass. The proportion of residents voting yes when faced with policy prices falling into each of several ranges is reported in Table 5 . These same results are shown graphically in Figure 7 . The figure suggests that the highest policy price at which half of residents would vote in favor of the small water quality improvement was roughly $550. 
The probit routine from any standard statistical package can be used to estimate the probability of a yes response as a function of a constant term, socioeconomic variables, and the policy price. The results of the probit regression described in equation (6) are presented in Table   6 . The coefficients associated with education and income are significant at the 5% and 1% levels respectively, suggesting that WTP increases with educational attainment and income.
Specifically, attending college results in a $470 increase in estimated WTP, while an additional $10,000 in household income results in a $105 increase in estimated WTP. As expected, the policy-price coefficient is significantly less than zero (at the 1% level). Given our specification, this result suggests that the likelihood of a yes vote falls as the policy price increases.
<Table 6 near here>
We can use the regression results reported in Table 6 
where the bars represent sample means and the hats represent coefficient point estimates. Using this formula, we estimate residents' mean WTP for improved water quality to be $512.
More formal analyses might allow for nonlinear WTP functions or might restrict WTP to be greater than zero and less than a household's annual income.
Conclusions
This Chapter summarizes and provides examples of the two most common approaches for estimating the value of public goods, focusing on the aesthetic value of lakes and rivers. We have applied these techniques to estimate willingness to pay (WTP) for improved water quality conditions at a eutrophic lake in an agricultural region of the USA. The first approach, the travel cost method, infers visitors' WTP for water quality by estimating the change in consumer surplus (CS) from access to the lake before and after proposed water quality improvements. CS is estimated using individual variation in trips taken, recognizing that visitors incur different travel costs. The second approach, the contingent valuation method, involves asking respondents direct questions about their WTP for water quality improvements. As such, this method can estimate full WTP, not just WTP for improved recreational opportunities.
As expected, visitors place more value on a large water-quality improvement than on a small one. Local residents are also willing to pay a substantial amount for improved water quality, which is not surprising given that residents regularly benefit from the lake's scenic qualities and that their housing values and business revenues could be enhanced by beautification of the lake.
While either the travel cost or the contingent valuation method lead to valid benefit estimates which can used in cost-benefit analyses, the methods have different strengths. Travel cost estimates are less controversial since they are based on actual behavior (i.e., trips taken).
The contingent valuation method, on the other hand, offers more flexibility because of its hypothetical nature. As a result, it can be used to analyze policy scenarios that could not be examined with revealed preference techniques. For example, in the study detailed above the travel cost method cannot be used to estimate local residents' WTP, as there is very little travel cost variation among residents who all live near the lake. 
Glossary of Terms
"Consumer surplus" (CS) is the difference between the maximum amount individuals are willing to pay for a good and the cost they actually incur, summed across all units consumed.
"Contingent behavior trips" are the trips individuals report they would take following a hypothetical scenario, such as a water quality improvement at a lake. These trips are contingent upon the hypothetical scenario.
The "contingent valuation method" is a stated-preference technique for estimating the value of nonmarket goods. Survey respondents may be asked to name the most they would be willing to pay in exchange for a nonmarket good, or, more commonly, whether they would be willing to pay a specified amount in exchange for that good. The results provide direct insight into the monetary value associated with the nonmarket good in question.
"Cost-benefit analysis" refers to a systematic weighing of the total costs of a proposed policy or action against the total benefits. A policy is said to fail the cost-benefit test if the total costs associated with implementing the policy exceed the total benefits that would be derived. If policymakers must chose among several policies that pass the cost-benefit test, they should choose those where the benefits exceed the costs by the largest proportion.
"Maximum simulated likelihood" is a method of regression analysis. The likelihood function is the joint probability density function of the data sample, and is interpreted to be a function of the set of parameter values. The objective is to choose the coefficients that maximize the likelihood function. Simulation is needed when the likelihood function does not have a closed form, i.e., it can't be solved analytically.
"Nonmarket goods" are products or services which cannot be bought or sold in a conventional market setting. Examples include clean air or pristine wilderness.
A "Poisson-lognormal mixture model" is a Poisson model with a lognormally distributed error term in the mean. The Poisson distribution only has one parameter, i λ , and to utilize the distribution as a regression analysis, i λ is specified as a function of independent variables, as given in equation 2. This distribution does not have a closed form, therefore maximum simulated likelihood is used for estimation of the coefficients.
"Polymictic" is a mixing regime characterized by frequent summer mixing events interspersed with periods of weak thermal stratification.
"Public goods" are products or services that are nonexcludable (i.e., once the good is made available it is difficult or very costly to keep those who have not paid from consuming it) and nonrival in consumption (i.e., one person's consumption of the good does not detract from another person's consumption of the very same good).
A "probit regression" is a form of regression analysis used when the variable of interest (the dependent variable) is binary and the additive error is from a standard normal distribution.
"Regression analysis" is a functional relationship between dependent variables and selected independent variables (explanatory variables), with the objective being the explanation of the dependent variable's variation across observations. "Revealed-preference techniques" are those valuation methods where the researcher observes an individual's actions, and based on those actions is able to make inferences about the individual's willingness to pay for a nonmarket good. In this sense, revealed-preference techniques represent in indirect method for estimating the value of nonmarket goods. The travel cost method is the most commonly used revealed-preference technique.
"Stated-preference techniques" are those valuation methods where the researcher asks individuals questions the answers to which provide a direct measure of their willingness to pay for a nonmarket good. The contingent valuation method is the most commonly used statedpreference technique.
The "travel cost method" is a revealed-preference technique for estimating the value of a recreational site. Survey respondents are asked how many trips they have made or plan to make to the site over a given time period. The distance and time are monetized based on the cost of making a trip and the wages forgone while traveling. Individuals who are willing to incur $X in travel costs to visit a recreational site reveal that they are willing to pay at least that much for the visit.
"Willingness to pay" (WTP) refers to the maximum monetary value an individual is prepared to forgo in order to consume a good. . Survey information provided to respondents concerning Clear Lake's current water quality. Respondents were told that "Overall, the current conditions of Clear Lake can be summarized in terms of:" Figure 6 . Survey information provided to respondents concerning possible future water quality improvements. Respondents were told, "Suppose that investments could be made to actually improve the quality of Clear Lake. These investments might include establishing protection strips along the edge of the lake to reduce runoff from the surrounding area or other structural changes to the lake. Theses changes would improve the lake over the next five to then years to the following conditions:". Figure 7 . Relationship between the hypothetical price required to maintain current levels of water quality and the raw percentage of visitors "voting" yes. The actual maximum price that would be passed by referendum was estimated following equation (6). 
